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1. INTRODUCTION: Our project will establish the role of CDKS5 in promoting the immunosuppressive
microenvironment in prostate cancer, and identify optimal strategies for incorporation of CDK5
inhibition to augment the efficacy of immunotherapy for prostate cancer. If successful, these therapeutic
strategies can be rapidly advanced to clinical evaluation. Thus, in Specific Aim 1, we will explore
mechanisms of immune system activation by Cdk5 deletion in prostate cancer. We will confirm the
involvement of a T cell antitumor response in impaired growth of prostate cancer in the TRAMP Cdk5™
model, by ablating T cells therein. We will then characterize the changes induced in immune cells in the
tumors, using FACS and IHC, and in cytokines, using a protein microarray. Functional assays of T cell
activation, including proliferation and CTL assays, will be performed. These findings will be extended
to other prostate cancer models. In Specific Aim 2, preclinical translational studies, employing a CDK5
inhibitor in combination with immunotherapies, including immune checkpoint blockers, a prostate
cancer vaccine, and other agents based on our findings in Specific Aim 1, will be conducted and
optimized in vivo in an immunocompetent prostate cancer model, for potential rapid translation to
clinical evaluation.

2. KEYWORDS: Prostate cancer, CDK5, immunotherapy, vaccine, tumor microenvironment
3. ACCOMPLISHMENTS:
What were the major goals of the project?

Major Task 1: Involvement of T cell anticancer immune response in impaired growth of TRAMP Cdk5™
model. Months 1-10. Completed, month 10.

Major Task 2: Characterization of antitumor immune response in TRAMP Cdk57 tumors. Months 1-14.
Completed, month 16.

Major Task 3: Validation of findings in other prostate cancer models. Months 12-24. 20% complete.

Major Task 4: Studies on prostate cancer with ablated Cdk5. TRAMP-C2 cells with and without Cdk5
knockdown will be implanted orthotopically in syngeneic mice, and treated with selected immunotherapies.
Mice will be monitored for tumor growth and survival. Months 16-30. Completed, month 24.

Major Task 5: Studies on prostate cancer treated with a pharmacological Cdk inhibitor. TRAMP mice will be
treated with a combination of a CDKS5 inhibitor and best immunotherapy (from Specific Aim 2,

Major Task 4). Mice will be monitored for tumor growth and survival. Dosing sequences will be compared.
Months 20-30. Not yet initiated.

Major Task 6: Data will be analyzed, and potential clinical development will be discussed and planned with
pharmaceutical company collaborators and liaisons. Months 24-30 and beyond. 10% complete

What was accomplished under these goals?

Major activities and specific objectives.

We concentrated on Major Tasks 2 and 4, characterization of the role of Cdk5 in the antitumor immune
response in the TRAMP murine model of prostate cancer and immunotherapy in the TRAMP model with Cdk5

knockdown.

Significant results.



Stable populations of TRAMP-C2 with shRNA Cdk5 knockdown were established by lentiviral transduction
using two different Cdk5 targeting clones and a non-targeting control. Bilateral flank xenografts (WT, shCTL,
shCDK5-082, shCDK5-085) were established in C57BL/6Tac mice (N=15 per cell line). When tumors were
first palpable, mice with tumors from each cell line were randomized into two treatment groups and treated with
either a mixture of anti-CTLA-4 (9D9) and anti-PD-1 (RMP1-14) antibodies or isotype control by IP injection
(200 ug each antibody, weekly x 3 doses, N=7-8 per group). We combined CTLA-4 with PD-1 because of
previous reports that showed no single agent efficacy (Yu et al, PNAS 109:6187-6192, 2012). Twice weekly
measurements of allograft size were conducted until the tumors reached maximum permitted size. Volume
calculated as (LxW?)/2. Comparisons between treatment groups were calculated using Rate Based T/C (Hather
et al, Cancer Inform. 13Suppl 4:65-72, 2014) because this method provides equal power compared to traditional
methods using fewer animals, and can be applied to non-synchronous allograft lines, such as TRAMP-C2.
Overall growth showed no difference between WT, shCTL, and shCDKS5 lines, in contrast to the autochthonous
tumors. Combination anti-CTLA-4 and anti-PD-1 had no significant effect on WT or shCTL tumors, but
significantly decreased the growth rate of both shCDK5 knockdown cell lines (p<0.05 for shCDK5-082,
p<0.001 for shCDK5-085).
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Days

What opportunities for training and professional development has the project provided?

Nothing to Report.

How were the results disseminated to communities of interest?

Nothing to Report.

What do you plan to do during the next reporting period to accomplish the goals?

Our major focus in the next reporting period will be on the experiments outlined in Major Tasks 3, 5 and 6: 1)

confirmation of our findings in a second mouse prostate cancer model (in this case, in the Myc-CaP cell line,
with Cdk5 knockdown using sShRNA), 2) the effect of a combination of a pharmacological CDKS5 inhibitor and
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immune checkpoint therapy. We will likely use CYCO065 as the CDK inhibitor, since it is in active clinical
development, thus facilitating subsequent translation and 3) analyzing our data, preparation and submission of a
manuscript, and discussion with pharmaceutical companies the potential translation of our findings for clinical
development.

4. IMPACT
What was the impact on the development of the principal discipline(s) of the project?
The finding, described above, that CDKS5 has a role in T cell based antitumor response in prostate cancer is
likely to establish CDKS5 as a promising immunotherapeutic target in prostate cancer. The impact awaits our
wider dissemination of this finding as a manuscript.
Our finding that CDKS5 ablation in TRAMP-C2 sensitizes their allografts to combined immune checkpoint
blockade provides a promising potential therapeutic strategy for prostate cancer; development of this avenue
will be pursued further in the remainder of this project as well as in subsequent studies.
What was the impact on other disciplines?
Nothing to Report
What was the impact on technology transfer?
Nothing to Report
What was the impact on society beyond science and technology?
Nothing to Report

5. CHANGES/PROBLEMS:
Changes in approach and reasons for change
Nothing to Report
Actual or anticipated problems or delays and actions or plans to resolve them
As discussed last year, for Major Tasks 5 and 6, we have been planning to use either dinaciclib (Merck) or
roniciclib (Bayer), multi-CDK inhibitors which were in mid to late stage clinical development. We have active
MTAs for both compounds. Unfortunately, both Merck and Bayer have terminated clinical development of
these compounds. The compounds are still well suited, as “tool compounds,” for the preclinical studies in Major
Task 5. We were discussing with other pharmaceutical companies the potential use of their CDK inhibitors in
clinical development. We have this week completed an MTA with Cyclacel Pharmaceuticals for use of their
CDK inhibitor, CYCO065, currently in Phase 1 clinical development. In addition, we have entered into a formal
collaboration with a large pharmaceutical company, for screening their multimillion compound drug library to
identify specific CDKS5 inhibitors.
Changes that had a significant impact on expenditures

Nothing to Report

Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or select agents
6



Nothing to Report
6. PRODUCTS:
Journal publications.
Nothing to Report
Books or other non-periodical, one-time publications.
Nothing to Report
Other publications, conference papers, and presentations.
Nothing to Report
Website(s) or other Internet site(s)
Nothing to Report
Technologies or techniques
Nothing to Report
Inventions, patent applications, and/or licenses
Nothing to Report
Other Products
Nothing to Report
7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

What individuals have worked on the project?

IName: |Barry Nelkin, Ph.D. |
Project Role: |PI |
[Researcher Identifier (e.g. ORCID ID): [[IN/A |
[Nearest person month worked: 12 |
[Contribution to Project: |Dr. Nelkin co-directs all aspects of this project |
[Funding Support: | |




[Name:

|ICharles Drake, M.D., Ph.D.

[Project Role:

Co-PI

[Researcher Identifier (e.g. ORCID ID): |[N/A

[Nearest person month worked:

L

[Contribution to Project:

|Dr. Drake co-directs all aspects of this project

|Funding Support:

IName:

|Brian Simons, D.V.M., Ph.D.

Project Role:

| Research Associate

[Researcher Identifier (e.g. ORCID ID): |[N/A

[Nearest person month worked:

2

Contribution to Project:

Dr. Simons performs and interprets the in vitro and in
Vivo experiments, and participates in supervising the
Research Specialist, Ms. Ybanez

|Funding Support:

| Department of Urology startup funds

IName:

|Maria Ybanez

Project Role:

|IResearch Specialist

[Researcher Identifier (e.g. ORCID ID): |[N/A

[Nearest person month worked:
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Contribution to Project:

With Dr. Simons, Ms. Ybanez performs the in vitro and in
Vivo experiments

[Funding Support:

IName:

||Rebecca Miller

Project Role:

|Research Specialist

[Researcher Identifier (e.g. ORCID ID): [IN/A

INearest person month worked:

2

Contribution to Project:

Ms. Miller has taken over Ms. Ybanez’s duties. With Dr.
Simons, Ms. Miller performs the in vitro and in vivo
experiments

IFunding Support:

Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since the last

reporting period?

Yes, see next pages for Drs. Nelkin and Drake’s Other Support
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What other organizations were involved as partners?

= Organization Name: Columbia University Medical School
= Location of Organization: New York, NY
= Partner's contribution to the project

As discussed above, co-PI Dr. Charles Drake has now moved to Columbia
University.



OTHER SUPPORT

NELKIN, BARRY D.

ACTIVE

W81XWH-15-1-0670 (PI: Nelkin/Drake)

Title: CDK5-A Novel Role in Prostate Cancer Immunotherapy

Time commitment: 1.92 calendar

Supporting agency: CDMRP

Procuring Contracting/Grants Officer: Kathy Robinson

Address of Grants Officer: 820 Chandler Street, Fort Detrick, MD

Performance period: 09/30/2015-09/29/2018

Level of funding:

Project’s Goal(s): The goal of this project is to develop a novel, effective targeted therapeutic strategy for
advanced prostate cancer, blocking several of the most common resistance mechanisms to androgen deprivation
therapy (ADT), that underlie progression to castration resistant prostate cancer (CRPC)
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studies in Aim 3, and will provide scientific input regarding their immunological relevance. Dr. Drake will
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(LCM) regions of leukocytic infiltration. 2. Complementary to the studies in 1, we will sort myeloid, lymphoid
and cancer cells from freshly dissociated tumors in cases where enough tumor is available, allowing analysis by
flow cytometry and mRNA profiling of cellular subsets for co-expression of inhibitory ligands, receptors and
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Specific Aims: 1.) To examine circulating tumor cells (CTCs), circulating tumor DNA (ctDNA) and T-cell
receptor (TCR) repertoire profiling as biomarkers for men with oligometastatic prostate cancer treated with
stereotactic ablative radiation therapy (SABR) alone. 2) To conduct a first-in-man trial of stereotactic ablative
radiation therapy. (SABR) in combination with the immune stimulatory agent ADXS-PSA for men with
oligometastatic hormone sensitive prostate cancer (HSPC).

Role: Co-Investigator
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Address of Funding Agency : Route 206 & Province Lane Road, Princeton, NJ 08543

Performance Period: 09/24/2015-10/15/2016

Level of Funding:

Project’s Goal: The primary endpoint of this study will be safety / feasibility, given that all patients will
undergo a pre-enrollment biopsy and subsequent surgical resection, we will have the ability to perform
comprehensive biomarker studies using both treated and untreated tissues.

Specific Aims: 1) Quantify the effects of nivolumab monotherapy on RCC TIL in humans. 2)Understand the
effects of nivolumab monotherapy on the stromal / myeloid components of the TME 3) Correlate baseline
cytokine profiles (and changes in cytokine profile) with nivolumab-driven CD8 infiltration.

4) Test whether TCR clonality in the PBL of tumor correlates with induced CD8 infiltration.
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patients, according to according to response group (extreme responders versus extreme progressors) will yield
predictive and/or on-study biomarkers and will further identify key features of response leading to the initiation
of next-generation clinical trials

Specific Aims: 1. Cytokine analysis: test the hypothesis that either pre-treatment cytokine levels, or on-
treatment changes in cytokine levels will correlate with response group. 2. Microarray analysis test the
hypothesis that the baseline transcriptional signature from tumor biopsies will correlate with response group.
We will also test the alternative hypothesis that on-treatment changes in transcripts correlate with response
group 3. Microarray analysis: We will test the hypothesis that the baseline transcriptional signature from tumor
biopsies will correlate with response group. We will also test the alternative hypothesis that on-treatment
changes in transcripts correlate with response group.

Role: PI

Project Overlap or Parallel: No scientific or budgetary overlap.
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Nothing to Report

9. APPENDICES

None

16



	PC140138 Progress Report '17.pdf
	Stable populations of TRAMP-C2 with shRNA Cdk5 knockdown were established by lentiviral transduction using two different Cdk5 targeting clones and a non-targeting control. Bilateral flank xenografts (WT, shCTL, shCDK5-082, shCDK5-085) were established...




